











Figure 2. Solubility of MAP in Water

Temperature — °F
N
o
=)

10 20 30 40 50 60 70

Saturation concentration — % w/w

80 90 100

TABLE 1

Minifos DAP

Pressure Conventional

Operating pressure,

psig 30 15 atmos.
Operating

temperature, °F 335 290 250
Molar Ratio 1.0 1.4:1 1.4:1
Slurry moisture,

%H,0 10 15 20
Granulation

Recycle Ratio — 4:1 5-6:1
Drier fuel, Ib/t DAP — 12 18

Apart from the obvious advantages of producing
a lower moisture ammonium phosphate solution in
the reactor, there are several other benefits of the
technique. The lower specific volume of the steam
evolved from the reactor reduces the cross sectional
area required for disengagement of slurry droplets.
This results in a smaller reactor which also reduces
space requirements within the plant. Operation under
pressure also avoids the need for ammonium phos-
phate slurry pumps. When, on discharge from the
reactor, the ammonium phosphate solution is let down
to atmospheric pressure, steam flashes-off, thus low-
ering the moisture content of the material still fur-
ther. Thus, the moisture level in the solution does
not represent that of the discharged ammonium
phosphate. In the case of the Minifos process, the
ammonium phosphate solidifies into a powder with-
out the need for a separate drying stage at all.

The pressure ammoniation method has been ex-
tended to the use of pipe reactors which have been
installed for MAP based operations. However the
application of pipe reactor technology to DAP sys-
tems has not been demonstrated on a significant scale
commercially.
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3. DRAFT-TUBE REACTOR

3.1 Background

The usual type of vessel employed within the
industry for neutralisation of phosphoric acid is the
Continuous Stirred Tank Reactor (CSTR). (See Figure
3).

It is normal to have a single central agitator shaft
with a single turbine impellor. Phosphoric acid is fed
to the surface of the liquor and ammonia introduced
through one or more sparge pipes. The ammonium
phosphate slurry is discharged from the bottom of
the reactor and fed by pump or by gravity to the

granulator.
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With a pressure reactor an effective and robust
seal is required where the agitator shaft passes through
the top of the reactor. Minifos plants have employed
a wide range of seal, from the simple stuffing-box to
sophisticated steam flushed double mechanical seals.
Almost universally the seal has been a problem to
maintain in a sound condition and has led to main-
tenance expense and plant downtime, especially in
less developed countries.

The capital cost of agitators and the seal main-
tenance problem gave us a strong incentive to de-
velop an agitatorless reactor. The Draft-tube Reactor
is the outcome.

3.2 Outline Description of Draft-tube Reactor

The objective was to exploit the energy released
during the reaction to mix the contents of the reactor.
This has been achieved by incorporating a draft-tube
into the reactor.

The draft-tube section consists of two concentric
tubes (see Figure 4). The outer one is closed at the
bottom and forms the wall of the reactor. The inner
tube is supported to form an annular channel and
with equivalent clearance from the bottom of the
reactor.

The outer tube is connected at the top to a wider
cylindrical section which forms the upper part of the
reaction vessel.
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The reaction mixture fills the reactor to a level
part way up the wider upper section. The volume
above the liquor level acts as a disengagement space
for reaction steam which is discharged from the top
of the reactor through a pressure control valve.

Phosphoric acid is fed tangentially into the an-
nulus of the lower section and ammonia is injected
through a sparge pipe inserted into the lower part
of the inner tube. The exothermic reaction occurs in
the draft-tube and causes a reduction in density which
creates an upward movement of the reacting mass.
The liquor rises up the central tube and descends
through the annulus in a continuous circulating mo-
tion. A baffle plate is mounted above the draft-tube
to avoid excessive entrainment of slurry in the steam.

A high degree of internal mixing is achieved
which ensures a very high reaction efficiency.

3.3 pevelopment Stages

The first experiments were carried out at our
Levington Research Station on the Minifos pilot plant,
starting in about 1974. The scale of operation can be
judged by the dimensions of the reactor:

Diameter of upper section 12 in
Diameter of lower section 4 in
Length of draft-tube 60 in

and the output from the reactor of about 400 lb/h.
The results were sufficiently encouraging for a
replacement reactor required in 1975 at the Fison-
UCB factory in Belgium to be designed with a draft-
tube. It also had provision to revert to the standard
agitator design if necessary.
The leading dimensions are

Diameter of upper section 64 in
Diameter of lower section 18 in
Length of draft-tube 115 in

Ammonium phosphate solution is fed from the re-
actor to the granulator for incorporation into NPK
products.

The output of the plant equates to nearly 8 tons/
h of ammonium phosphate. The plant normally op-
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erates with a reactor temperature of 310°F and molar
ratio of 1.2:1, equivalent to a pH of 5.7. It has op-
erated successfully from the outset, with no serious
scaling problems and with low ammonia losses. In-
stallation of the agitator has never been seriously
considered.

Tests were carried out when the Fison-UCB plant
started up in 1976 to measure the reaction efficiency
at a range of output rates, pH and product moistures.
The length of the ammonium sparge pipe was varied
to simulate different effective lengths of the draft-
tube itself.

Investigations at pH 4 to 6.2 showed ammonia
losses of less than 1% at the lower pH rising to about
21%4% at the normal operating pH of 5.7, and higher
at pH 6.2.

Losses of ammonia increased as the operating
temperature was raised. The normal value of 22%
at 310°F increased to 4-5% at 320°F.

This sensitivity demonstrates the advisability of
minimising the operating temperature to that con-
sistent with obtaining the required solubility. Con-
trary to Fison-UCB practice, our preferred conditions
are 290°F maximum for molar ratios up to 1.4:1 (pH
6.2). Under these conditions, we expect a reactor loss
of 2-3%, which is of course recovered in the am-
monia scrubber.

The effective length of the draft-tube had little
impact on the ammonia efficiency provided it ex-
ceeded a minimum value. The optimum length for
the Fison-UCB plant was considered to be about 60
in.

The first unit to be incorporated into a new plant
was for the Minifos plant built in Turkey and oper-
ated by Toros Fertilizer and Chemical Industries. The
plant was designed in 1977 and started up in 1981.
More details are given later.

4. IMPORTANT DESIGN PARAMETERS

The principal parameters to be considered in the
design of a draft-tube reactor are the diameter and
height of the disengagement section, the diameter
and length of the inner draft-tube and the diameter
of the lower section of the reactor.

4.1 Disengagement Section

As with the atmospheric reactor, the cross sec-
tional area of the disengagement section is fixed by
the maximum superficial velocity of the reaction steam
acceptable without excessive entrainment. By oper-
ating under pressure, the specific volume of the steam
is reduced and very high steam release rates can be
achieved. Typically the range is 130 to 160 lb/ft>/h
depending on the product being produced and the
operating conditions.

For small reactors, the vertical height is fixed at
1.25 times the diameter. For larger reactors, a fixed



height between tangents of about 7 feet has been
adopted.

4.2 Inner Draft-Tube

It was found during the development stage that
the efficiency of ammonia absorption was affected by
the recirculation ratio (defined as the ratio of the flow
rate of circulating ammonium phosphate to the phos-
phoric acid feed) and by the flow regime in the inner
tube.

As the recirculation ratio rises to about 20:1, the
ammonia reaction efficiency increases and thereafter
tends to level out. Thus we have elected to design
for a recirculation ratio of between 20 and 30:1, which
for a given production rate fixes the volumetric flow
required through the draft-tube.

Providing these recirculation ratios are achieved,
the major factor determining ammonia efficiency is
the velocity in the inner tube. We have found that
“churn flow” is required for optimum efficiency.

Churn flow is a turbulent form of slug flow in
which bubbles of gas constantly collapse and re-form.
The velocity at which this occurs is proportional to
the inverse cube root of the diameter of the tube.

Combining the required volumetric flow with the
criteria for churn flow determines the diameter of the
inner draft tube.

The minimum acceptable length for the draft tube
has been found to be about 60 in, but in practice we
currently allow a safety margin and have fixed 79 in
as a standard length.

4.3 Outer Diameter

The outer annulus is sized to allow the preferred
recirculation ratio with the pressure drop made avail-
able by the reaction. Currently this is the least exact
part of the design and consequently a safety margin
is allowed to ensure that any deviation from the pre-
ferred flow rate is upward. This avoids the risk of
falling below 20:1 re-circulation ratio and its adverse
affect on ammonia efficiency.

5. APPLICATION OF THE DRAFT-TUBE DESIGN

As indicated earlier, the use of the draft-tube
reactor covers the range of applications for conven-
tional CSTR designs. There are two principal appli-
cations; the Minifos process for powder MAP and
the slurry granulation process for DAP and other
ammonium phosphate based fertilizers.

The Minifos process and NHF DAP process are
described below.

5.1 Minifos

This process has been described many times be-
fore, including at the Fertilizer Industry Round Table
in 1968. In Figure 5 the main equipment items are
shown.
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Figure 5. Norsk Hydro Fertilizers Minifos Process
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Wet process phosphoric acid with a concentra-
tion of 46-54% P,0; is fed to the outer annulus of
the draft-tube reactor. Liquid ammonia is fed through
the sparge pipe to the lower part of the central draft
tube. Under some circumstances, gaseous ammonia
is employed. The reaction occurs in the draft-tube
and causes the mixing action as described earlier.

Steam evolved from the surface of the liquor is
discharged through a control valve which is adjusted
to maintain the reactor at 30 psig.

The reactor produces a solution with an N:P mo-
lar ratio of 1.0:1 at a temperature of 335°F. The am-
monium phosphate slurry is fed to a natural draft
spray tower where it is discharged through a spe-
cially designed nozzle. Steam flashes off and the MAP
solidifies as it falls to the bottom of the tower, from
which it is recovered for storage.

The first new Minifos plant to be installed with
a draft-tube reactor was the unit built in Turkey and
operated by Toros Fertilizer and Chemical Industries.
The important dimensions of the reactor are:

Diameter of upper section 120 in
Diameter of lower section 55 in
Length of draft-tube 79 in

Operation of the plant began in 1980 and the 3
day test run had been completed within 11 days of
initial start-up. The official opening was in May, 1981.
Operation has proved easier and cheaper than the
equivalent CSTR, thus justifying the decision to use
the new design. The principle and the design param-
eters have been further confirmed by this plant.

The overall nitrogen and P,O; efficiencies have
been determined by measurement of stack losses (there
being no liquid effluent) and found to be consistently
in excess of 99.5%.

Output from the plant has regularly exceeded
the design capacity of 440 t/d of MAP using a variety
of acid sources including Florida. All the Minifos is
used as a solid feed to the granulation plant with
which it is integrated.



5.2 DAP

The outline flow diagram for the NHF DAP proc-
ess is given in Figure 6.

Phosphoric acid and ammonia are fed to the draft-
tube reactor, the pressure of which is controlled at
15 psig.

Ammonium phosphate liquor from the reactor,
with a molar rate of 1.4:1, is fed with recycled fines
into the rotary granulator. Ammonia is added to
achieve the required product analysis.

Granulated material is dried and then elevated
to the primary screening section.

Figure 6. Norsk Hydro Fertilizers DAP Process
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The primary screening section has double-deck
cloth-vibrated screens that separate fine material which
is conveyed to the fines hopper. A proportion of the
hot product sized material can be diverted to the fines
hopper.

Product and over-size material is cooled in a fluid
bed cooler and elevated to the secondary screening
station which again incorporates double-deck cloth-
vibrated screens. Qversize is removed, crushed and
fed to the fines hopper. Residual fines are also re-
moved and recycled to the fines hopper and, if re-
quired, a proportion of the product can be crushed
and returned to the fines hopper. Fines are metered
back to the granulator at a constant rate so that gran-
ulation is maintained at the optimum conditions at
all times. The process operates with a recycle ratio
of about 4:1 compared with 5-6:1 for plants with
atmospheric reaction systems.

Steam discharged from the reactor and the air-
stream from the granulator are scrubbed with a phos-
phoric acid solution in the ammonia scrubber to re-
move the majority of the ammonia. The exhaust from
this vessel is led to the counter-current gas scrubber,
together with the air stream from the drier cyclones.
A dilute solution of phosphoric acid is used to clean
the gas stream which is then discharged to atmos-
phere.

The dust in the air stream from the cooler and
dust extraction air are fed to bag filters for recovery
of the dust. The air streams leaving both bag filters
are sufficiently free of dust to be discharged to at-
mosphere without further scrubbing.
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The first DAP plant to incorporate the Draft-tube
Reactor will be installed for Hindustan Lever in India.
Detailed design work is currently being performed
and the plant is expected to start-up in 1985.

However, a granulation plant recently started up
by Hellenic Chemical Industries in Cyprus incorpo-
rates many of the above features but has a CSTR
pressure neutralizer rather than a draft-tube. It pro-
duces NPK compounds as well as DAP. Details have
been published.*

6. ADVANTAGES OF THE DRAFT-TUBE REACTOR

The main advantages of the draft-tube reactor
are:

6.1 Compared with atmospheric reactors
(a) An ammonium phosphate solution with
lower moisture content can be produced.
This results in fuel savings for drying the
product.

(b) The lower moisture ammonium phosphate
results in a lower granulation recycle ratic
which reduces capital cost and power re-
quirements.

No slurry pumps are required.
The volumetric steam discharge is reduced

giving a smaller reactor cross section.

(©)
(d)

6.2 Compared with pressure CSTRs

(a) The capital cost of providing an externally
driven agitator is eliminated.
The energy requirement for a conventional
agitator is saved.
Maintenance expenditure and plant down-
time for agitator repairs, especially the seal,
are avoided.

Note that these advantages apply equally to at-
mospheric reactors.

(b)
(©

6.3 Compared with pipe reactors

(@) The draft-tube reactor is suitable for DAP

production.

(b) Optimum operating conditions are con-
trolled independently from the plant pro-
duction rate. The pressure is controlled, not
determined by the back pressure created by
the flow of reactants.

The retention time in the reactor is in the
order of 20 to 30 minutes, thus acting as a
buffer to smooth out fluctuations in feeds
and thereby maintaining the optimum op-
erating conditions.

Having wide clearances, the draft-tube re-
actor is not susceptible to blockages caused
by scale formation. It does not need routine
cleaning,.

The reactor has a longer operational life—
over 10 years.

(©

(d)

(e)



7. CONCLUSION

To avoid the costs associated with electrically
driven agitators in ammonium phosphate reactors,
whilst retaining the advantages of pressure neutral-
isation, Norsk Hydro Fertilizers has introduced the
Draft-tube Reactor.

Investigations have been carried out at the pilot
plant scale and on a prototype unit which has now
been operating for 7 years feeding ammonium phos-
phate solution to a granulator. Design data has been
developed for the installation of several new plants.

The first, a Minifos unit in Turkey, has been in suc-
cessful operation since late 1980. A DAP unit using
the technique is currently being engineered for India.

There are significant cost, energy saving and op-
erational advantages compared with the alternative
reaction systems atmospheric and pressure agitated
reactors and the pipe reactor. These advantages are
expected to lead to wider adoption of draft-tube re-
actors in the future.

* Recent Experiences in the Granulation of Ammonium Phos-
phates by K. ]J. Barnett, D. M. Ivell and S. F. Smith, presented to
the Fertiliser Society, London, 19th October, 1983.

COMMENTS ON 1983 PROCEEDINGS

As is the case with many of the major meetings
and conferences connected with the fertilizer indus-
try, the attendence at the Round Table during the
past two years has been reduced due to the economic
downturn which our industry is experiencing at the
present time. Consequently, our revenues from reg-
istration fees (our only source) have been reduced.
At the same time, the cost involved in printing the
proceedings of our meetings has increased.

In considering ways to reduce expenses, it was
decided at the July 1983 Directors Meeting that we
discontinue the practise of including in our proceed-
ings the remarks of the chairman, session modera-
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tors, and questions and answers relating to the pres-
entations. This eliminates the considerable expense
of tape recording the meetings and serves to reduce
the number of printed pages. It also saves the time
involved in editing the tape transcriptions, a task
which in the past has been diligently and effectively
carried out by Mr. Albert Spillman.

The 1983 Proceedings are therefore presented in
a simplified format. However, they should serve the
basic purpose of preserving a record of the many
relevant topics which were covered at the Thirty-
third Annual Fertilizer Industry Round Table.

Harold D. Blenkhorn, Chairman 1983-84








